They usually occur as a result of horizontal forces. The fracture line starts from the crown and proceed to the subgingival area [8] . The treatment options of complicated crown fractures changes related to the position and level of the fracture line replacement amount of tooth structures, type of occlusion and prognosis of the tooth. According to these conditions are used composite restorations and post-core restorations. Restorations following the extraction of the teeth, implant or fixed prosthetic restorations; Restorations following gingivectomy or osteotomy, orthodontic or surgical extrusion may be performed [8, 9] . If the remaining crown length is enough for the restoration, exposed pulp tissue must be protected with calcium hydroxide and mineral trioxide aggregate [7] . It is claimed that; fragility rate of teeth following the root-canal treatment increase. The reason of increased fragility rate of teeth with root-canal treatment is having less mineralized tissue, loss of water, internal and external tissue loss, chemical materials that used while root-canal treatment and affects of medicaments that performed at the inside of root-canal [10] .
Root fractures are diagnosed with clinical and radiological examinations. The evaluation of mobility, percussion sensitivity, palpation sensitivity of soft tissue, crown length are performed while clinical examination. The fracture line must be followed carefully while radiographic evaluation. More than one periapical radiographs must be taken from the different angles in order to diagnose the
Introduction
Dental injuries that occur following dental trauma are cases that need urgent approaches in dentistry. Dental injuries may exist as a result of falling, crashing, traffic accidents and sportive injuries [1] . The risk of traumatic dental injury is higher in children with hyperactive and presence of malocclusions further increases the likelihood of dental injuries [2] .
It has been reported that, dental injuries occur between the 2-4 ages in deciduous dentition period and between 8-10 ages at permanent dentition period [3] . Tooth and oral tissue injuries following trauma may cause psychological, aesthetic and psychologic problems. Both children and families are affected negatively because of these problems [2, 4] .
ISSN: 2469-5769
University Faculty of Dentistry Department of Pediatric Dentistry with fracture at 21 numbered tooth as a result of hitting to a hard object while playing at park. It has been learned from the anamnesis that, 4 years ago root-canal treatment was performed to the same tooth following a trauma. Following the clinical and radiological examinations, a fracture was diagnosed which starts from the crown and proceed to the root (Figure 1-4) .
Cone beam computed tomography was taken from the patient for the certain diagnosis after receiving approval from the parent. As a result of the evaluation of the tomographic views, an oblique fracture was diagnosed which starts from the crown and proceed until the midline of the root (Figure 3) . The patient and the family were informed about the treatment options and the approval received from the family. First of all, before the post-core restoration 1mmgingiva tissue was removed from the vestibule part of 21 numbered tooth by 15 numbered scalpel (Shandong Sinorgmed Co., Ltd. Shandong, P.R.C). Thus, the gingival level of two upper central incisors regulated symmetric. Following session, the 2/3 part of gutta-percha was removed from the root canal by a drill (snowpost-16,carbotec, Ganges, France) in order to place the post material. The inside of the canal and the enamel-dentin tissues of the tooth etched by 37% phosphoric acid (3M Scotchobond; 3M ESPE, St. Paul, Minn, ABD) 15 seconds. Following the etching procedure, tooth was rinsed with water in order to remove the acid. The primer and bond of self-etching adhesive (Clearfil SE Bond, Primer; Kuraray Co. Ltd, Osaka, Japan) was applied to the tooth. Than the A and B parts fracture line. In addition, occlusal radiographic may help the diagnose [1] . But, if the x-rays do not correspond to fracture line or if the superposition of anatomic tissues or filling materials occurs, traditional radiographic may be inadequate. Recently, it has been reported that cone beam computed tomography (CBCT) is efficient for the diagnosis of root fractures [11] .
Post-core restorations may performed for the rehabilitation of crown-root fractures. The purpose of post-core applications is to increase resistance of teeth with root-canal treatment against functional forces [12] .
The aim of the case series is to present rehabilitation of the teeth with crown-root fracture as restorative and prosthetic by glass-fiber posts.
Material and Method

Case 1
A 13-year-old systemically healthy child applied to Dicle 
ISSN: 2469-5769
of dual-cure adhesive material (Panavia F, Kuraray Co Ltd, Osaka, Japan) were taken equally and mixed 20 seconds. Than it was applied into the canal with a lentulo (Mani Inc, Tochigi-Ken, Japan) The glass fiber post (snowpost-16, carbotec, Ganges, France) was covered with the adhesive material and was placed with finger pressure. The light (Curing Light XL 3000; 3M, St Paul, MN, ABD) was performed 40 seconds for the polymerization of dual cure adhesive. The polymerization was completed with performing Oxyguard II gel (Kuraray, Osaka, Japan) 3 minutes. The long coronal part of fiber post was removed and the restoration was completed with hybrid composite resin (Clearfil AP-X, Kuraray, Osaka, Japan) ( Figure 5 ). After the post application, periapical radiography was taken from the 21 numbered tooth (Figure 6 ).
The fracture of the tooth was taken into consideration and thus, metal-ceramic restoration was planned. The preparation of anterior teeth was performed proper to metal ceramic preparation techniques and champher marginal end design was prepared. While making impression, retraction cord (Stay-put, Medium; Roeko, Langenau, Germany) was used in order to decrease gingival fluid and then a type silicon impression material was used for impression (A-Silicone Elite HD+, Zhermack, Rovigo, Italy). In order to enhance the aesthetic view, laser sintering method was performed to the metal substructure of prosthesis. Before the colour decision, polishing was performed to the anterior teeth of patient. The colour decision was performed with the traditional technique by vita 3D Master (Vita Zahnfabrik, Bad Säckingen, Germany) colour scale. After the ceramic restoration prepared, it was cemented, restorations were cemented with zincpolycarboxylate cement (Adhesor Carbofine Zinc polycarboxylate cement, Spofa Dental, Jicin, Czech Republic) ( Figure 7 and Figure  8 ). The patient was advised to come every 6 months for the control sessions. After the 2 years control period there were not any clinical and radiological problems ( Figure 9 ).
Case 2
A 12-year-old systemically healthy male patient applied to Dicle University Faculty of Dentistry Department of Pediatric Dentistry been applied to our clinic with the reason of fracture at upper right incisor. In anamnesis, any systemically disease was not determined and while questioning the trauma history, it was learned that the patient felt from the swing a month ago. In intraoral examination, complicated crown fracture which extends below the gingiva was observed (Figure 16-18) . In radiographic examination, it's observed that the apex of the tooth is open (Figure 19) . In clinical examination, any sensitivity at percussion or palpation was not observed and the reaction to electrical vitality test was negative. Apexification with Frank method was performed at the same day because of open apex. After the endodontic access cavity, canal preparation was performed with H-files. After each preparation, The root canal was irrigated by 5,25% sodium hypochlorite between each file change and final irrigation was performed by saline solution. Sterile paper points were used to dry root canal. Calcium hydroxide pasted (Sultan, USA) was applied to the root canal and glass ionomer cement (Fuji 9, Japan) was used as temporary filling material. The patient recalled after 3 weeks.
with fracture at 11 numbered tooth as a result of hitting to a hard object while playing at park (Figure 10 ).
Following the root-canal treatment the same treatment procedure in case 1 was followed and the restoration was completed ( Figure  11-14) . We placed mineral trioxide aggregate (MTA) in large-open apices before the root canal treatment. But, the patient was pained after root-canal treatment. For this reason, we were performed apical resection. The patient was advised to come every 6 months for the control sessions. The radiographic examinations after 6 and 24 months did not show any pathological symptoms ( Figure 15 ). The clinical examination also did not show any pathological symptoms.
Case 3
A 9-year-old male patient who was exposed to dental trauma has Same procedures were repeated at second session. In radiographic examination which practiced after 2 months, apex was closed. At the same session, root canal was filled with AH Plus (Dentsply, Germany) and gutta-percha (Diadent, Korea) by lateral compaction technique ( Figure 20) . The patient was recalled after a week.
After that, the coronal 2/3 part of root canal filling material was emptied in order to place post by drills of the post system ( Figure 21) . Inside of the canal and enamel-dentin parts of the tooth were etched with 37% orthophosphoric acid (3M ESPE) and cleaned. Fiber post was placed into the root canal with adhesive resin cement and was polymerization 30 seconds by light device (Figure 22 ). Then the long part of fiber post was cut and restoration was performed with resin composite (Filtex Supreme 3M ESPE USA). Polishing procedure was performed with polishing discs (Figure 23-25 ). 
Discussion
Dental injuries usually causes severe problems that effect patients from the point of pain, function, aesthetic and psychological [13] . The basic factors that determine the injury level following dentoalveolar trauma are; the severity of trauma, type, direction, elasticity of the object, the absorption level of lips and other soft tissues, the quantity and quality of the tooth and jaw structures [14] .
It has been reported that CBCT is an important option for the diagnosis of root fractures. The artefact occurrence decrease with CBCT. Some materials as gutta-percha, canal filling paste, and posts may cause artefacts. But, while diagnosing a root fracture, clinical and radiologic findings and symptoms must be evaluated together [15] . In case 1 because of the gutta-percha superposition, the fracture line could not determined clearly. That is why it was evaluated with taking 3D views by CBCT.
Post-core applications are usually performed in teeth with severe crown destruction. The purposes of restoration are; support, replacement and retention. Retention problem may occur at teeth with severe crown destruction and root-canal treatment. In recent years, in order to fix this problem, the usage of fiber supported post materials are commonly in use. The less invasive treatments are important for the young patients. The use of fiber posts is a conservative treatment plan for the tooth which is traumatized and with severe tissue destruction [16] [17] [18] .
It has been stated that, homogen integrity occurs while using composite resin cement and core material with fiber posts [17] . When these materials are used together, they resist to chewing forces as monoblock and thus, the fracture resistance is reduced to minimal level [19] [20] [21] . Fiber posts have fiber bundles that have been buried in to a special resin matrix. In these bundles, fibers are in knitted form and powered with epoxy resin [22, 23] . The physical properties of glass fiber posts are similar with dentin and composite resin. It is biocompatible; no risk for corrosion, the risk of fracture is really low. Post materials may be shortened according to the condition of the tooth and may removed easily from the canal with drill. These are the advantages [21, 24, 25] . Because of these advantages, in our cases, glass fiber post materials were used in order to strengthen the remaining toot structure, restore the severe structure loss of the crown and enhance the aesthetic view.
Calcium hydroxide has been broadly used to apexification at the root apex. For this purpose, this material is required the placement of long-term in the root canal. Consequently, root apex is treated with this material by induce formation of an apical hard tissue barrier. The formation of apical barrier is necessary to allow the filling of the root canal without risk of overfilling [26] . We are used to this method (Frank's method) for our third case in order to formation of an apical hard tissue barrier.
MTA is a bioactive material, which induces hydroxyapatite crystal formation on its surface when in contact with tissue fluids. This phenomenon is responsible for its biocompatibility, hard-tissue induction potential and sealing ability, features that make MTA an appropriate material for use as an apical plug in teeth with necrotic pulps and open apices [27] . In our second case, we were using the MTA as an apical plug in tooth with necrotic pulp and open root apices. However, the case was occurred pain after this process. Consequently, we have to performed apical resection.
Currently, MTA is believed by many authors as the material of choice for apical plug in cases of necrotic pulp and large-open apices. One of the major aims is its well sealing ability. But, the extrusion of this material to the periapical tissue can prevent with the repair process. Moreover, this substance has a high cost and to have difficulty applying the apical region, including the risk of extrusion to the periapical tissues, which could give rise to tissue injury and harm to the repair process [28] . If root -canal therapy fails, endodontic surgery may be required. Endodontic surgery involves a combination of curettage of infected tissue and removal of an infected or damaged root apex [29] . Because of these, we were performed apical resection for our second case.
It is possible to save the teeth with crown fracture or root fracture or both together for a long time following the root-canal treatment and post application and deciding to a proper restoration [30] .
Glass fiber, polyethylene fiber and zircon post system are developed for restoration of fracture teeth which are occurred loss structure. The studies are reported that fiber post systems elasticity modulus is more closely to dentin compared with metal post system. For this reason, fiber post systems are more resistant to against stress [31] . Our third case, we are performed the endodontic treatment of tooth which occurred complicated crown-root fracture and immature by providing formation of apical barrier to allow the filling root canal by means of using to Frank method. We are used to glass fiber post system due to loss structure of tooth and the fractured part of tooth. Thus, we were providing to come to an adequate level functional and eliminate of aesthetic concern.
To protect the tooth tissue is always important if the tissue loss is severe. To obtain aesthetic, integrity of remaining tooth structure and for the rehabilitation of discoloration, prosthetic treatments may performed at post applications [32] . For this reason, in our cases, metal ceramic restorations were performed.
Conclusion
Trauma in permanent anterior teeth causes psychological stresses at children. Proper occlusion relation affects the success and prognosis of treatment at the cases with complicated root-crown fractures. After performing this type of treatment vertical root fractures may occur due to physical trauma, early occlusal contact, heavy and stressed chewing and iatrogenic reasons. This type of treatment may be contraindicated in deep bite and bruxism cases. Compatible relation between adjacent and opposed teeth obtains well prognosis. It's necessary to follow cases with complicated root-crown fracture in a regular period. If there is any complication, early diagnosis may be done and treatment may be performed.
